The purpose of this paper is to examine personal and health factors, both at the beginning of the study and thereafter, associated with participation in the GAZEL cohort, set up in 1989 in a large French company. The authors used logistic regression to analyze the associations between participation and data available for both participants (n = 20,093) and nonparticipants (n = 24,829). Higher participation was associated with male sex, marriage, children, managerial status, and residence in particular regions. Among men, lower participation was associated with sick leave in the year before recruitment and afterwards. During follow-up, participation was negatively associated with several groups of diseases, especially those associated with alcohol consumption. The risk of upper respiratory and digestive tract and lung cancer during follow-up was higher among nonparticipants. The same phenomenon occurred among women, but less markedly, for cancers of the breast and genital organs. During follow-up, mortality among men was higher among nonparticipants, especially for alcohol-related diseases. The association among women was less strong. Among men, but not among women, diseases caused by alcohol, smoking, or dangerous behavior were the primary reason for the health differences observed between participants and nonparticipants. Overall, the most important determinants of participation were cultural factors and lifestyle behaviors. Epidemiologic studies that require the collection of data directly from subjects rely on the subjects' readiness to volunteer. Various investigators have shown that the voluntary nature of participation can bias the estimations of the frequency of disease and risk factors and the measurement of their associations (1-6). For practical reasons, epidemiologic studies often use mail surveys, even though they yield lower response rates than do the methods involving direct contact with potential subjects (7). The mail survey method can also induce effects associated with sociocultural factors because subjects in lower socioeconomic categories may be less at ease with expressing themselves in writing (8).
The GAZEL cohort was established in 1989 among the employees of the national electricity and gas company, Élec-tricité de France-Gaz de France (EDF-GDF). This firm employs approximately 150,000 people of diversified trades and socioeconomic statuses (SES) throughout France. Epidemiologic observations of this firm benefit from the population's stability; the employees have a status comparable with that of civil servants and can be followed up after retirement because their pensions are paid by EDF-GDF. The company has an occupational medicine department and its own medical insurance system, both of which systematically monitor employees' health. It has constructed an epidemiologic database that allows exhaustive recording of the most important disorders (25, 26) and occupational exposures (27, 28) . The personnel department maintains a file that includes the employees' socioeconomic and occupational characteristics. The epidemiologic profile of this population is very close to that of the French general population: The proportions of disorders and causes of death and the socioeconomic, occupational, and geographic disparities are almost identical for both (29) (30) (31) .
The methods used to recruit, follow up, and collect data from the GAZEL cohort have been described previously (32, 33) and are summarized only briefly here. In January 1989, after an information campaign in the company and union newsletters, an invitation to participate in the cohort, accompanied by a questionnaire, was sent to all male employees then aged 40-50 years and all women employees then between ages 35 and 50 years. A reminder letter was sent to the entire target population 2 weeks after the first mailing. The letter did not mention diseases or specific risk factors, but simply proposed participation in a long-term health study to help medical research. The objective was to build an "epidemiology laboratory" made up of volunteers who agreed to respond regularly to questionnaires and to undergo medical monitoring. Follow-up methods include the collection of data from different sources about health status, lifestyle, and socioeconomic and occupational factors. A mail questionnaire is sent to the volunteers each year, and data are extracted regularly from the files of the personnel and medical departments at EDF-GDF and from other sources outside the firm. This multipurpose cohort is open to the epidemiologic community, whose members can propose research projects concerning all or some of the participants. Currently, roughly 20 projects involve the GAZEL cohort (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) (44) (45) .
Population and data
We have analyzed factors associated with participation for the entire target population invited to participate in the GAZEL cohort, that is, the population of EDF-GDF employees aged 40-50 years for the men and 35-50 years for the women. On January 1, 1989 , this population comprised 44,922 persons. Demographic, socioeconomic, and occupational data as of that date available for each subject in the target population were age, gender, marital status, number of children, educational level, job grade, type of housing, seniority in the company, and region of residence (103 subjects were excluded because of missing data). The department of occupational medicine developed a jobexposure matrix that was used to reconstruct cumulative occupational exposures to 30 chemical agents in groups I (known carcinogen in humans), IIa (probable carcinogen), and IIb (possible carcinogen) of the International Agency for Research on Cancer (27) . These exposures covered the period from the start of employment at EDF-GDF. From the EDF-GDF health insurance department, we were able to obtain the medical absenteeism data for the year preceding the invitation to participate (1988) and for the years 1989 through 1994, with diagnoses coded according to the International Classification of Diseases, Ninth Revision (46) . The same source provided the causes of the death that occurred through 1996 for the employed subjects (that is, those who had not yet retired), coded according to the International Classification of Diseases, Ninth Revision (46) . The company's cancer registry (31) provided data about the incident cancers between 1978 and 1995 in the members of the target population during their employment.
The follow-up of the cohort was almost complete. By the end of 1998, only 123 subjects were lost to follow-up (57 decided to quit the cohort, and 66 had left the company); hence, the percentage of participants at baseline who were lost to follow-up during this 10-year period was 0.6 percent.
Statistical analysis
This study compared the characteristics of participants and nonparticipants at the time the recruitment of the GAZEL cohort took place. Then health events occurring in both groups during the follow-up period (1989 through 1994, 1995, or 1996 , depending of the specific events) were compared prospectively, allowing for a long-term assessment of the health problems associated with the initial participation.
Social, demographic, and occupational variables. The differences in the participation rates at baseline in 1989 were compared by the chi-square test according to the social, demographic, and occupational variables. Crude odds ratios were computed, comparing the characteristics of participants and nonparticipants. All of these variables were then included in a multivariable logistic model separately for men and women to estimate their effects on the participation rates, and odds ratios adjusted on all these variables and their 95 percent confidence intervals were calculated. The role of working conditions was assessed by considering the cumulative, career-long exposures of employees to chemical agents. Because exposure to these chemicals was strongly associated with grade (unskilled workers, skilled workers, managers), the proportion of subjects exposed to each factor at least once in their careers was compared between participants and nonparticipants by chi-square tests within each grade, and the effect of each factor was studied by introducing it and its interaction with the grade into a logistic model that included the social, demographic, and occupational variables. Health status. Three types of variables-absenteeism, cancer incidence, and mortality-were used to analyze the role of health status on participation.
The absenteeisms of the participants and nonparticipants were compared for the year that preceded inclusion and for each of the 6 years that followed (1989) (1990) (1991) (1992) (1993) (1994) . During this period, 58 participants were lost to follow-up (19 decided to quit the cohort, and 39 had left the company). Because we do not know the number of nonparticipants who had left the company from 1989 to 1994, we assumed that the size of both groups was constant during the follow-up period and that all of the lost participants had no sick leave. In view of the very small number of lost subjects, the results of the analyses should not be significantly modified (the same hypothesis was assumed for cancer incidence and mortality analyses). The role of overall absenteeism in 1988 was studied separately among men and women by introducing a frequency variable (0, 1, 2, and ≥3 sick leaves during the year) into a logistic model that included the social, demographic, and occupational variables. The same analyses were repeated with the cumulative sick days (0, 1-7, 8-14, 15-30, and ≥31 sick days). Because the results were almost identical, only those with the frequency variable are presented here. Global tests based on the logarithm of the likelihood were also used to assess the significance of the variables, taking into account all of the modalities. Analyses were also carried out according to the disorders occasioning the sick leave, grouped into 16 categories, and a separate class of the diseases strongly associated with excessive alcohol consumption (upper respiratory and digestive tract and esophageal cancer, psychiatric and neurologic alcoholrelated disorders, and cirrhosis). For each category of diseases, subjects who had no sick leaves for this cause were used as the reference group. A variable indicating at least one sick leave for each disease group was introduced into a logistic model that included the social, demographic, and occupational variables as well as the overall frequency of absenteeism in 1988. Odds ratios, adjusted for the social, demographic, and occupational variables, were calculated separately for men and women for each year from 1989 through 1994 for each disease group, also using the subjects without any sick leaves for the same disease group as the reference. Odds ratios were adjusted in the same way as those for 1988; despite the fact that the results were almost not modified, the frequency of absenteeism in 1988 was also introduced in the model to take into account the effect potentially associated with diseases occurring during this particular year on subsequent differences between participants and nonparticipants. A trend test for the odds ratios was performed for each group of diseases to investigate whether any associations observed were stable over time.
For cancer, the analysis was conducted separately among men and women. We used chi-square or exact tests, depending on the number of subjects, to compare the frequency of subjects with at least one incident cancer in each group during the periods from 1978 through 1988 and after inclusion in the cohort through 1995, and we calculated the odds ratios adjusted for the social, demographic, and occupational variables. For the period 1989 through 1995, odds ratios adjusted for the same variables were also calculated according to the cancer site. For this analysis, because of their low numbers, we consolidated the cancers in men into seven categories: respiratory and digestive tract, colon, lung, breast, genitourinary, central nervous system, and endocrine. Because of smaller numbers, only breast and genitourinary cancers were considered among the women.
Mortality data for participants and nonparticipants during their employment were analyzed separately for men and women: The frequency of death was compared with the chi-square test, and odds ratios were calculated, adjusted for the social, demographic, and occupational variables. Adjusted odds ratios were also calculated by cause of death, consolidated into five categories: cancer, circulatory system disorders, accident, alcoholism, and suicide. This analysis considered only men because of the small numbers of deaths among women (n = 132, of whom 40 were participants).
SAS software was used to perform the analyses (47) .
RESULTS

Demographic, socioeconomic, and occupational factors in 1989
Of the 44,922 subjects (31,411 men and 13,511 women) asked to participate in the GAZEL cohort, 20,093 (44.7 percent) accepted: 14,773 men (47 percent) and 5,320 (39.4 percent) women. Table 1 presents the participation rates and corresponding odds ratios according to the demographic, socioeconomic, and occupational variables. Chi-square tests showed that among men, all of the demographic, socioeconomic, and occupational variables considered were significantly associated with participation; among women, only the number of children, educational level, job grade, and region were significantly associated (details not shown). Odds ratios for each variable changed only slightly when adjusted for the other variables and showed that married men responded more often than those who were not married. For men and women, the response rate increased with the number of children. It varied greatly by job grade and educational level, with a manager more than three times as likely to participate as an unskilled worker. Employees living in housing provided through EDF-GDF had a higher rate of participation. Seniority in the company was positively associated with the participation rate among men, but not among women.
France is divided into 23 regions, and there was a very clear geographic effect. The participation rates were highly scattered, without any clear geographic tendency. The ratio between the regions with the best and the worst participation rates was 2.9 among men and 2.5 among women. The odds ratios, taking into account all of the variables and calculated by reference to a mean odds ratio (geometric mean of all the odds ratios) varied from 0. After region, grade presented the largest differences between categories. Because the effect of grade was impor- tant, we analyzed the interactions between this variable and the others for men and women separately. Only the variables that interacted with grade (p < 0.1) for both genders were kept in the models. Table 2 shows the results of the logistic regressions within each category of job grade. Among men, age mattered only among unskilled workers. Educational level played a significant role only among unskilled and skilled workers. In both of these categories, the greater the seniority of the men, the less they participated.
Among women, age was associated with participation among the managers. Managers with the most seniority volunteered most often. Educational level was significant among skilled workers and managers.
The study of occupational exposures was limited to men because only 147 women had been exposed to at least one chemical agent during their career. There were basically few differences between the participants and the nonparticipants within each grade: The frequencies of exposure were very similar in both categories, and all odds ratios adjusted for social and demographic variables were quite close to one (data not shown).
Health status
Absenteeism.
Absenteeism in 1988 and during the 6 years after recruitment (only diseases with more than 150 cases each year) are shown in tables 3 and 4. Table 3 , which concerns only men, shows that sick leaves were globally associated with participation in 1988 and in each of the subsequent years. Subjects with at least one sick leave in the year before the study started participated less, especially among those with three or more sick leaves. During the following years, the difference between the men who volunteered and those who did not decreased for a single absence episode, but clearly persisted for two episodes and, especially, for three or more. There was no significant association between a particular cause and participation in 1988, except for accidents, because participants were less likely to have taken a sick leave for this cause. The same was not true for subsequent years, since participation at baseline was negatively and significantly associated with several groups of diseases for at least 3 years of the follow-up. The association was especially strong for alcohol-related diseases and was also observed for psychiatric and respiratory diseases. Less clearly diminished odds ratios for participation were found for other diseases. We did not observe any time trend: The odds ratios remained relatively stable for the 6 years of follow-up, and the trend test was significant only for the digestive system diseases (slight trend of a mean linear increase of 0.04 per year).
Among women (table 4) , overall absenteeism was less clearly associated with participation. Only for 1988 and 1992 were sick leaves associated with participation; the odds ratios varied little (in directions that changed from year to year) and were not significantly different from one except in 1991 and 1992. The analysis by medical causes showed that only the occurrence of sick leaves for psychiatric disorders was negatively associated for at least 3 years with participation at baseline; we observed the same phenomenon for cancers, but this was significant only in 1993 (not shown). Inversely, musculoskeletal disorders were positively and significantly associated for 4 years with participation. As with men, no time trend was apparent.
Cancer incidence. Because of the age of the target population, participants and nonparticipants alike had few incident cancers between 1978 and 1988 (table 5), and we observed no association between past cancer and cohort participation. The odds ratio was nonetheless elevated and was nearly significant among women, indicating the possibility of greater participation among women who had had cancer. Among men, not participating at baseline was strongly associated with cancer incidence in the years after the cohort was founded. This negative association is entirely due to cancers of the upper respiratory and digestive tract and the lungs. Among women, those who participated showed a lower cancer risk during the follow-up of the cohort (not significant).
Mortality from 1989 through 1996. Among men, allcause mortality during the 8 years of follow-up was lower among participants, whose chances of dying were approximately 40 percent lower than those of the nonparticipants (table 6). Roughly the same difference was found for each year of the follow-up (data not shown) and for each group of causes. It is particularly clear for cancers and especially for the alcohol-related diseases, for which the risk of death was four times higher among the nonparticipants. Among women, the association between all-cause mortality and participation was less strong (odds ratio adjusted for the socioeconomic and occupational variables = 0.77, 95 percent CI: 0.53, 1.12), but there were few deaths among them (40 deaths among the women participants during the 8 years of follow-up) (data not shown).
DISCUSSION
We studied the effect of diverse social, demographic, occupational, and health factors on the participation rate in a cohort study. We also monitored changes in health status for several years after inclusion among participants and nonparticipants alike. We were therefore able to compare numerous characteristics of the participants and the nonparticipants. Some variables were contemporaneous with the moment of recruitment, while others involved the year before or the years that followed. All of the data came from company records, were gathered independent of the subjects, and were identical for participants and nonparticipants.
This population comprises persons in a specific age bracket. This limits the conclusions of this study, which did not include very young or very old people or various occupational categories not represented. Nevertheless, the interest in these results comes from the size of the population, the variety of the data collected independent of the subjects, and the longitudinal follow-up over several years of participants and nonparticipants.
Social, demographic, and occupational variables
The analysis of the social, demographic, and occupational variables shows that the situation in France is fairly similar 
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Am J Epidemiol Vol. 154, No. 4, 2001 to that observed in most studies performed in other countries. SES is the most important individual variable: Job grade shows that among both men and women the highest category had a participation rate that was double that of the lowest category and the probability of participation among male managers was 3.15 times higher than that of unskilled male workers when all of the other variables were taken into account. SES cannot be compared easily between countries, both because different classifications are used and because this status may be assessed by membership in a social category, income level, or educational level. Nevertheless, whatever the variable used, the higher categories are nearly always overrepresented among volunteers. This has been found repeatedly in Great Britain (3, 10, 48) and in the United States (18, 21, 49) . In Sweden, one study, which assessed SES by income, also found a similar effect (12), while another did not find social class to have an effect (13) .
Marital status affects participation: Married people participate more than do those who are unmarried (10, 12, 13) , in proportions similar to those observed in the GAZEL cohort. We did not note any overall effect of age on the participation rate, although most studies in other countries do. Nevertheless, age seems to have a varied effect: Some studies have observed that participation increases with age (3, 9-11) and others, on the contrary, that it is higher among the young (18, 21, 50) . Moreover, the age range in the GAZEL cohort is narrow, which limits the interpretation of our results. Women participated at a lower rate than did men in the GAZEL cohort, although the inverse is most often observed (9, 11, 22, 50) . This may be explained by the overwhelmingly male character of the firm (about 80 percent men). The GAZEL cohort was probably perceived as a company project, and acceptance was all the better among subjects who felt that they were part of the company. The fact that residence in company housing and seniority among men (but not women) played a positive role in participation reinforces this hypothesis.
The strong role played by geographic region needs to be stressed. This factor accounts for the greatest variation in the participation rate: The ratio between the regions with the best and the worst participation was 4.6 among men and 3.7 among women. Studies conducted in several European countries have also found participation rates that differ very clearly by country (51, 52) , with lower response rates in the "Latin" countries (Italy, France, and Spain). Of all of the numerous individual characteristics analyzed, the roles of grade, which is a proxy for SES, and of geographic region were far and away the most important. There are therefore cultural factors that particularly affect interest in participating in a health study. The effect of such cultural factors has been observed in studies that found higher participation rates among Whites than among those in other ethnic groups (8, 49, 53) . Nevertheless, the absence of these interethnic differences in a study in Montreal (7) indicates that cultural factors must be analyzed in their specific context and that the SES variables can have a different significance from one community or country to another.
Occupational exposure to chemical factors is closely linked to specific trades and to working conditions among the men at the company (27) . The absence of notable differences between participants and nonparticipants seems to indicate that working conditions do not influence the participation rate.
Health status
The analysis of sick leaves shows that taking more than one sick leave a year was associated with a lower participation rate at baseline than taking no sick leave. This association was observed for the year that preceded inclusion in the cohort and for the 6 years that followed only for more than one leave per year and was stronger for more than two; both of these findings show that these leaves reflect damaged health. A previous study in this company showed that numerous and long sick leaves were due to important health problems, while few and brief leaves were due more to factors involving working conditions (29) . Few analyses have examined the association of sick leave with participation in epidemiologic studies. One Swedish study found an excess of sick leaves among nonparticipants (12) , while another reported that this factor did not distinguish participants and nonparticipants (14) .
Among the men, the health problems that explained the excess of sick leave among the nonparticipants were particularly linked to alcohol, directly or indirectly through accidents, which are strongly associated with excessive alcohol consumption. These associations are clear throughout the 6 years of follow-up. It is probable that smoking is also an explanatory factor because the other health problems associated with participation were respiratory diseases and, to a lesser extent, cardiovascular disease and cancer, especially alcohol and smoking-related cancers. Besides diseases directly related to these two factors, diagnosed psychiatric disorders were negatively associated with participation.
Overall absenteeism in women did not seem to be associated with participation, but we did observe that participation at baseline was negatively associated with the occurrence of psychiatric diseases during follow-up, as well as of cancers not caused by alcohol or smoking. Inversely, there was a clear positive association between musculoskeletal disorders and participation. The absence of an association with overall absenteeism is probably not explained by a lack of power because the women had a higher rate of sick leaves than did men. The results observed among women most likely reflect the fact that they use alcohol and tobacco much less than do men as well as that they behave differently than men in relation to participation in a health study.
The study of incident cancers during follow-up showed that the strong negative association with participation at baseline observed among men is entirely explained by a clear excess incidence for two sites, the upper respiratory and digestive tract and the lungs, and that the principal risk factors for cancers of these sites are smoking or the combination of alcohol and smoking. Our results probably underestimated these associations because only cancers first diagnosed during the period when the subjects were employed at the company are recorded (31) . Bad health status, however, is a factor associated with early departure from work (23) , and it is thus probable that nonparticipants left the company more frequently throughout the follow-up period because of health problems due to alcohol or smoking. Among women, the negative association between participation and incidence of breast and genital cancers, which account for the vast majority of incident cancers, was not significant.
The analysis of mortality also confirms the importance of alcohol and tobacco consumption on men's participation. We consistently observed for each of the 8 years of followup a strong excess of mortality among the nonparticipants because of disorders associated with diseases directly related to excess drinking, cancers, circulatory disorders, accidents, and suicides. For the same reasons as for the incidence of cancers (early departure from the company because of poor health status), the associations observed are most likely underestimated. The small number of deaths observed among women prevents the confirmation of any association with participation.
Globally, health status does not seem to play a notable role per se for men, since the greatest part of the health differences observed between participants and nonparticipants was due to disorders caused by alcohol, smoking, or other dangerous behaviors. Only psychiatric disorders were asso-ciated with participation; this accords with the results of an English study showing that psychological factors affected participation (54) . Among women, the role of health status seems notably different because musculoskeletal disorders and some cancers not associated with either smoking or alcohol seemed to play a role. No clear explanation is evident, since the effects observed did not all go in the same direction. In addition, the small number of cases among women prevented a detailed analysis.
Several investigators have sought to examine various specific health problems. In some cases, no selection effect associated with health problems has been observed, and subjects with health problems or symptoms cannot be distinguished from the others by their participation rate (7, 10, 11, 15, 16, 20) . On the contrary, other researchers have noted participation rates that varied according to health problems or symptoms; in some studies, those with a problem or a symptom participate less (3, 13, 18) , while the inverse has sometimes been observed (21, 22) . It should nevertheless be stressed that comparing results between studies is difficult because neither the same disorders nor the same symptoms are taken into account, and the age groups are often different.
Our results concerning mortality are notably different from those observed in other countries because most often the authors of those studies have not found the mortality rate to differ between the two groups (10, 19, 20) . Nevertheless, these studies were carried out in Scandinavian countries or in the United States, where alcohol consumption is lower than in France. This difference might, at least in part, explain the differences observed.
The most striking results in our study involve the role of smoking and alcohol in the health problems associated with participation. In fact, we did not have direct data about the consumption of alcohol and tobacco, but the analysis of the causes of sick leaves, cancer, and death among men clearly indicates the effect of these factors. This is consistent with the results of most studies that have analyzed this phenomenon. It appears that the people who drink too much are less likely to participate in health studies (12) (13) (14) . The results concerning smoking are more varied: Smokers have lower participation rates in some studies (11, (15) (16) (17) (18) , although other investigators have observed no difference between smokers and nonsmokers (7, 13) .
Overall, this study indicates that the most important determinants of participation in a health study arise from two domains: cultural (gender, social category, geographic region, and marital status) and at-risk health behaviors (smoking, drinking, and accidents). In this working population, we did not observe any effect associated with the occupational environment or with working conditions when grade was taken into account.
The voluntary nature of participation in an epidemiologic inquiry is likely to bias the estimations of frequency of disease and risk factors and the measurement of their associations (1) (2) (3) (4) (5) (6) . This study allowed us to identify various factors associated with participation in the GAZEL cohort and to estimate the extent of the differences between participants and nonparticipants in their social, demographic, and occupational characteristics and in the frequency of many health problems. It has also allowed us to show that the selection effect can vary greatly according to the factors and the population. This study has thus provided information that will help investigators improve the planning of studies in the GAZEL cohort and better forecast and take into account different types of potential bias.
